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(54) TENSION MEMBER FOR OPTICAL FIBER CABLE, OPTICAL FIBER CABLE USING THE 
TENSION MEMBER, AND PRODUCTION OF THE TENSION MEMBER 



(57) There is provided a tension member for an opti- 
cal fiber cable in which the tension member is consti- 
tuted of a rod (10) that is mainly made up from a fiber 
reinforced plastic and that is coated and joined with 
coating layer (2) which is adapted to support an optical 
fiber (4), characterized in that a fine recess and a fine 
projection are formed and distributed on a peripheral 
surface of the said tension member. There is also pro- 
vided an optical fiber cable which incorporates such ten- 
sion member therein. There is further provided a 
method of making such a tension member, which 
method comprises the steps of: impregnating a bundle 
of fibers (17) continuously introduced with a thermoset 



resin; winding a belt (19) having fine recesses and pro- 
jections randomly and uniformly distributed thereon on 
a peripheral surface of the said bundle of fibers that has 
been impregnated with the said thermoset resin; heat- 
ing and thermally setting the said bundle of fibers on 
which the said belt has been wounded; and stripping the 
said belt from the said peripheral surface of the said 
bundle of fibers that has been thermally set, and in 
which fine recesses and projections are caused to 
develop and distribute randomly and yet uniformly on an 
outer surface of the said rod by continuously repeating 
the above mentioned steps. 
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Description 

TECHNICAL FIELD 

The present invention relates to a tension member s 
for imparting to an optical fiber cable a predetermined 
cable strength and an optical fiber cable which incorpo- 
rates such a tension member as a component thereof 
as well as a method of making such a tension member. 

10 

BACKGROUND ART 

In Fig. 1 of the accompanying drawings hereof, 
there is shown an example of the cross sectional struc- 
ture of a typical optical fiber cable that has hitherto been is 
used in the prior art. That structure is constructed of a 
tension member 1 which is located along an axis 
thereof, a primary coating layer 2 that is applied onto the 
periphery of the tension member 1, a plurality of such 
bundles 4 of optical fibers that are frttedly inserted into a 20 
like plurality of grooves 3, respectively, which are formed 
in a like plurality of regions, respectively, of the periph- 
eral surfaces of the primary coating layer 2 lineally in 
parallel to its axis or spirally about the latter as a center, 
and a secondary coating layer 5 that encloses these 25 
regions and the peripheral surface of the primary coat- 
ing layer 2. And, such a tension member 1 is made up of 
a fiber reinforced plastic rod in which the reinforcing fib- 
ers are composed mainly of a glass whereas each of 
the primary and secondary coating layers 2 and 5 is 20 
made up from a plastic material. 

By the way, an optical fiber cable of such a general 
construction, in order for it to have a predetermined 
cable strength, has naturally made use of a tension 
member of a preselected thickness and, in addition, has ss 
required the tension member 1 and the primary coating 
layer 2 to be bonded together with a firmness. This has 
required a prior art optical fiber cable in which a tension 
member 1 is finished to have a smoothened surface to 
be preliminarily coated with a bonding agent or adhe- 40 
sive 6 so as to ensure that the said tension member 1 
and the said primary coating layer 2 can be joined 
together with a predetermined strength of joining. 

The tension member of this type, however, in which 
it must be coated with a bonding agent or adhesive 6 in 45 
advance, has imposed thereon an excessive material 
and has a coating equipment cost so that these required 
ends may be accomplished without fail, and hence a 
limitation in reducing the overall cost that has incurred in 
the manufacture thereof. 50 

Then, in order to resolve such an inconvenience 
and yet to ensure a sufficient strength of joining 
between the tension member and the primary coating 
layer, there has hitherto been proposed an arrange- 
ment, as disclosed, for example, in Japanese Unexam- 55 
ined Utility Model Publication No. Sho 59-48509, 
Japanese Unexamined Utility Model Publication No. 
Sho 63-73710 or Japanese Examined Utility Model 



Publication No. Hei 03-26570, in which the peripheral 
surface of a tension member is formed intermittently or 
continuously at a given spacing with a plurality of 
recesses or projections so that by applying a primary 
coating layer directly onto the peripheral surface of the 
tension member, a strength of joining between these 
two components may be enhanced. 

Also, Japanese Unexamined Patent Publication No. 
Hei 01 -166012 has set forth a grooved spacer for an 
optical fiber cable which as in an optical fiber cable of a 
construction in the prior art as mentioned above, serves 
to coat a tension member with a primary and a second- 
ary coating layer of a synthetic resin, and has disclosed 
the formation of the said primary synthetic resin coating 
layer at a low temperature, which formation causes a 
recessed and projecting face to be formed in a periph- 
eral surface thereof. This Publication has also disclosed 
that it is desirable that a synthetic resin material as con- 
stituting the said primary synthetic resin coating layer be 
adopted at the same time, which has an adhesive prop- 
erty such that it may firmly be joined with the said ten- 
sion member. 

It should be noted here that a tension member as 
disclosed in Japanese Unexamined Utility Model Publi- 
cation No. Sho 59-48509 mentioned above and a ten- 
sion member as disclosed in Japanese Utility Model 
Publication mentioned above are each composed of a 
metallic wire and are each simply formed on its periph- 
eral surface with a recess and a projection which are 
simply designed to improve its adhesiveness with a syn- 
thetic resin material that constitutes its coating layer. 
Thus, in their effect, there is no essential difference from 
the prior art arrangement in which a metallic strand is 
utilized whose surface is smoothened. On the other 
hand, it may also be noted that a tension member as 
disclosed in Japanese Examined Utility Model Publica- 
tion No. Hei 03-26570 mentioned above in which a fiber 
reinforced resinous wire is utilized can have an 
improved adhesiveness with a coating layer and, owing 
to the fact that it is formed in its peripheral direction with 
a plurality of recessed or projecting streaks extending in 
parallel to its longitudinal direction, can at the same time 
be advantageous in that a twisting deformation may be 
prevented of the said coating layer arising from a twist- 
ing moment which can be produced when cables each 
coated with a coating layer are twisted together. 

If, however, any tension member as disclosed in 
any of the above mentioned Publications is adopted, it 
needs to be noted that since the depth of a said recess 
or the height of a said projection is extremely large and 
further since the spacing between the adjacent 
recesses or projections is large and not ignorable, a 
forming distortion may be created, due to a surface sink 
and so forth, on the surface of the synthetic resin coat- 
ing layer which supports a bundle of optical fibers, 
resulting in a prohibitive influence that can be exerted 
on the optical properties of an optical fiber cable. It fol- 
lows, therefore, that there will develop a variety of influ- 
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ences upon communication functions and as a result a 
plenty of time will need to be consumed for the adjust- 
ment and maintenance of these functions. And, even a 
situation may be brought about in which there is no 
choice but to discard an optical fiber cable itself so fab- 
ricated. 

On the other hand, it should be noted that Japa- 
nese Unexamined Patent Publication No. Hei 01- 
166012 mentioned above disclosing a grooved spacer 
for an optical fiber cable, has illustrated a zinc plated 
steel wire as an expanding body that constitutes a ten- 
sion member, and has at the same time set forth an 
arrangement in which when its peripheral surface is 
coated with a primary and a secondary coating layer in 
succession, that is composed of a synthetic resin, so as 
to fabricate the said grooved spacer, the said primary 
coating layer will be formed on its peripheral surface 
with a recessed and projecting face due to a melt frac- 
ture by forming the said primary layer at a temperature 
that is lower than a normal temperature. 

It has been found difficult, however, to dimension 
the recessed and projecting face due to the said melt 
fracture to an extent such that the same as the grooved 
spacer for an optical fiber cable may not exert any influ- 
ence on the functions of the optical fiber cable and may 
not create a slide thereof. At the same time, if the 
expanding body is constituted by a metallic wire as 
mentioned previously, it should be noted that a variety of 
conditions need to be set other than to allow a forming 
condition in a peripheral portion thereof to be severely 
set. There will result, therefore, an increase in the cost 
of manufacture. 

Also, if, for example, a fiber reinforced resin is 
adopted to constitute the above mentioned expanding 
body, it should be noted that in order for a recess and a 
projection to be produced in a size which would not 
affect the functions of an optical fiber cable, it will not be 
sufficient simply to set the temperature condition at a 
low temperature when a primary coating layer is 
formed. In order to achieve this objective, besides the 
setting of the forming conditions disclosed in the pre- 
ceding Publication above, the further setting of other 
forming conditions including the viscosity, the extruding 
speed of a resin and so forth will be indispensable. The 
result will be a further and largely increased cost of the 
manufacture. 

The present invention is made to resolve these 
problems in the prior art and has its specific object to 
provide a tension member for an optical fiber cable, and 
an optical fiber cable incorporating such a tension mem- 
ber as well as a method of making such a tension mem- 
ber whereby especially when a fiber reinforced plastic is 
employed to constitute the tension member, the said 
tension member and a coating layer can be firmly joined 
together without an interposition of any bonding agent 
or adhesive between them and whereby this joining 
structure may not adversely affect a function of the opti- 
cal fiber cable and yet can largely reduce the cost of 



manufacture. 

SUMMARY OF THE INVENTION 

5 In order to achieve the object mentioned above, a 
tension member for an optical fiber cable according to 
the present invention comprises a rod that is mainly 
composed of a fiber reinforced plastic and is coated and 
joined with a coating layer which is adapted to support 

to an optical fiber, the said tension member being princi- 
pally constructed so that a fine recess and a fine projec- 
tion may be formed and distributed randomly and 
uniformly over a whole peripheral surface thereof. 
According to the above mentioned construction, it 

is can be seen that a tension member for an optical fiber 
cable of the present invention which is obtained with a 
stability and a high productivity provides an advantage 
that a coating layer will be joined with the tension mem- 
ber along a surface thereof on which a fine recess and 

20 a fine projection are randomly and yet uniformly distrib- 
uted over an enlarged area thereof and, as a result, the 
above mentioned coating layer will firmly be joined with 
the said tension member with a completeness and with- 
out a fear of stripping therefrom by virtue of a frictional 

25 force that is developed by the said fine recess and fine 
projection over the peripheral surface thereof. Accord- 
ingly, it can be seen that the force of expansion that is 
applied on the said coating layer will be transferred with- 
out fail to the said tension member. Also, if the said ten- 

3D sion member is made up from a material that is soluble 
with the said peripheral surface, it will be noted that the 
said tension member and the said coating layer can be 
welded together and may not be stripped from each 
other but can be joined together with an increased 

35 strength. And, it can be seen that an optical fiber that is 
supported by the said coating layer around the said ten- 
sion member which serves as a core material therefor 
will, by virtue of the fact that a forming configuration may 
not appear which is due to a surface sink and so forth 

40 that are liable to be produced on the surface of the said 
formed coating layer during its forming stage, be capa- 
ble of playing its functional characteristic roles as an 
optical cable at an enhanced precision. 

The above mentioned construction may preferably 

45 be characterized in that such a recess and a projection 
as formed on the peripheral surface of the said tension 
member for an optical fiber cable comprise a winding 
mark that appears as a result of winding a belt whose 
surface has a fine projection and a fine recess onto the 

so above mentioned rod in a stage in which it is being 
formed and thereafter by taking up the said belt from the 
said rod. Further, according to another form embodying 
the present invention, such a recess and a projection as 
formed on the above mentioned peripheral surface 

55 comprise those which are produced by air bubbles of a 
forming layer of a foamable resin added to a synth tic 
resin that is coated on the peripheral surface of the 
above mentioned rod or by air bubbles of a foaming 
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layer that is directly coated on the said peripheral sur- 
face while in a stage of forming thereof, or alternatively 
those which are formed by attaching to the said periph- 
eral surface of the rod, while it is being formed, a resin- 
ous material that is soluble with the said coating layer 
which is adapted to support optical fibers as mentioned 
above that are bundled by pressing. And, in this 
instance the above mentioned resin material that is sol- 
uble with the said coating layer adapted to support the 
said optical fibers may comprise a fibrous structural 
body that is made up from a thermoplastic resin, and 
the said fibrous structural body may typically comprise a 
structural body that is constituted by a fibrous wire body 
or a fibrous cloth which may be a woven fabric or an 
unwoven fabric. Also, in some instances the above 
mentioned resinous material may be constituted of a 
grainy resinous pellet. Further, a resinous structural 
body which comprises a short-fiber mat or an unwoven 
fabric may be attached onto a whole peripheral surface 
of a bundle of fibers that is impregnated with a thermo- 
set resin so that it when exposed to the surface of the 
said rod may provide such a recess and a projection. It 
should also be noted that the said rod while in a stage of 
forming thereof may be formed on a said peripheral sur- 
face thereof distributive^ with a fine material that is sol- 
uble with a said coating layer which is adapted to 
support a said optical fiber. 

And, an optical fiber cable according to the present 
invention comprises a core material which constitutes a 
tension member for the said optical fiber cable and 
which is constituted of a rod that is mainly made up from 
a fiber reinforced plastic, that is formed on a peripheral 
surface thereof with a fine recess and a fine projection 
and that is coated and joined with a coating material 
which is made up from a synthetic resin and which is 
adapted to support an optical fiber. 

Also, there is provided in accordance with the 
present invention, in a first methodical aspect thereof, a 
method of making a tension member for an optical fiber 
cable in which the said tension member is constituted of 
a rod that is mainly made up from a fiber reinforced 
plastic and that is coated and joined with a coating layer 
which is adapted to support an optical fiber, which 
method comprises the steps of: 

impregnating a bundle of fibers continuously intro- 
duced with a thermoset resin; 
winding a belt having fine recesses and projections 
randomly and uniformly distributed thereon on a 
peripheral surface of the said bundle of fibers that 
has been impregnated with the said thermoset 
resin; 

heating and thermally setting the said bundle of fib- 
ers on which the said belt has been wounded; and 
stripping the said belt from the said peripheral sur- 
face of the said bundle of fibers that has been ther- 
mally set, and 
in which: 



fine recesses and projections are caused to 
develop and distribute randomly and yet uniformly 
on an outer surface of the said rod by continuously 
repeating the above mentioned steps. 

s 

There is further provided in accordance with the 
present invention, in a second methodical aspect 
thereof, a method of making a tension member for an 
optical fiber cable in which the said tension member is 
w constituted of a rod that is mainly made up from a fiber 
reinforced plastic and that is coated and joined with a 
coating layer which is adapted to support an optical 
fiber, which method comprises the steps of: 

15 impregnating a bundle of fibers continuously intro- 
duced with a thermoset resin; 
randomly and uniformly distributing on and attach- 
ing to a whole peripheral surface of the said bundle 
of fbers that has been impregnated with the said 

20 thermoset resin, a fine material that is soluble with 
the said coating layer which is adapted to support 
the said optical fiber; and 

heating and thermally setting the said thermally set- 
table resin that has been impregnated into the said 
25 bundle of fibers over the said whole peripheral sur- 
face thereof to which the said fine material has 
been attached, and 
in which: 

fine recesses and projections are caused to 
30 develop and distribute randomly and yet uniformly 
on the said whole peripheral surface of the said rod 
by continuously repeating the above mentioned 
steps. 

35 It should be noted at this point that the said fine 
material may comprise a fibrous structural body that is 
constituted by an unwoven fabric, a woven fabric or the 
like and that is attached to said whole peripheral surface 
of said bundle of fbers. Alternatively, the said fine mate- 

40 rial may comprise a thermoplastic synthetic fibrous 
material which is of a fineness or woven in a manner 
that is sufficient to to develop the said fine recesses and 
projections over the said peripheral surface of the said 
rod, or a powdery pellet having a size of particles that is 

45 sufficient to develop the said fine recesses and projec- 
tions over the said peripheral surface of the said rod. 

There is further provided in accordance with the 
present invention, in a third methodical aspect thereof, a 
method of making a tension member for an optical fiber 

so cable in which the said tension member is constituted of 
a rod that is mainly made up from a fiber reinforced 
plastic and that is coated and joined with a coating layer 
which is adapted to support an optical fiber, which 
method comprises the steps of: 

55 

impregnating a bundle of fibers continuously intro- 
duced with a thermoset resin; 
attaching a fibrous structural body onto a peripheral 
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surface of the said bundle of fibers that has been 
impregnated with the said thermoset resin; and 
heating and thermally setting the said bundle of fib- 
ers to which the said fibrous structural body has 
been attached, and 
in which: 

fine recesses and projections are caused to 
develop and distribute randomly and yet uniformly 
on the said whole peripheral surface of said rod by 
continuously repeating the above mentioned steps. 

At this point, it should be noted that the said fibrous 
structural body comprising, e. g., a short-fiber mat or an 
unwoven fabric, may be attached to the said whole 
peripheral surface of the said bundle which has been 
impregnated with the said thermoset resin. 

In addition to the above mentioned first to third 
methods, there is further provided in accordance with 
the present invention, in a fourth methodical aspect 
thereof, a method of making a tension member lor an 
optical fiber cable in which the said tension member is 
constituted of a rod that is mainly made up from a fiber 
reinforced plastic and that is coated and joined with a 
coating layer which is adapted to support an optical 
fiber, which method comprises the steps of: 

impregnating a bundle of fibers continuously intro- 
duced with a thermoset resin; 
heating and thermally setting the said thermally set- 
table resin which has been impregnated into the 
said bundle of fibers; 

coating a peripheral surface of the said bundle of 
fibers which has been thermally set with a thermally 
settable resin containing a thermoplastic foamabie 
resin that is soluble with the said coating layer 
which is adapted to support the said optical fiber; 
and 

foaming the said foamabie resin simultaneously 
while heating and thermally setting the said coated 
thermally settable resin, and 
in which: 

fine recesses and projections are caused to 
develop and distribute randomly and yet uniformly 
on the said whole peripheral surface of the said rod 
by foaming the said foamabie resin. 

There is further provided in accordance with the 
present invention, in a fifth methodical aspect thereof, a 
method of making a tension member for an optical fiber 
cable in which the said tension member is constituted of 
a rod that is mainly made up from a fiber reinforced 
plastic and that is coated and joined with a coating layer 
which is adapted to support an optical fiber, which 
method comprises the steps of: 

impregnating a bundle of fibers continuously intro- 
duced with a thermoset resin; 
heating and thermally setting the said thermally set- 



table resin which has been impregnated into the 
said bundle of fibers; 

coating a peripheral surface of the said bundle of 
fibers which has been thermally set further with a 
5 thermally settable resin; 

heating and thermally setting the said coated ther- 
moset resin which constitutes the said coating 
layer; and 

forming the said thermally set resin with a fine 
10 recess and a fine projection by a mechanical 
means, 

in which: 

fine recesses and projections are caused to 
develop and distribute randomly and yet uniformly 
15 on the said whole peripheral surface of the said rod 
by using the said mechanical means. 

BRIEF EXPLANATION OF THE DRAWINGS 

20 The present invention will better be understood 
from the following detailed description and the drawings 
attached hereto showing certain illustrative embodi- 
ments of the present invention. In this connection, it 
should be noted that such embodiments as illustrated in 

25 the accompanying drawings are intended in no way to 
limit the present invention, but to facilitate an explana- 
tion and understanding thereof. 
In the accompanying drawings: 

30 Rg. 1 is a perspective view, partially cut away, illus- 
trating an exemplary optical fiber cable in the prior 
art; 

Rg. 2 is a perspective view, partially cut away, illus- 
trating a certain embodiment of the optical fiber 

35 cable according to the present invention; 

Rg. 3 is a diagrammatic view illustrating the steps in 
a method of forming a tension member for an opti- 
cal fiber cable, which constitutes a certain embodi- 
ment of the present invention; 

40 Rgs. 4A, 4B and 4C are respective front views of 
different tension members in which recesses and 
projections are varied in configuration, each 
embodying the present invention; 
Rg. 5A is an enlarged cross sectional views taken 

45 along the line VA-VA of Fig. 4A; 

Rg. 5B is an enlarged cross sectional views taken 
along the line VB-VB of Fig. 4B; 
Rg, 6A is a diagrammatic view illustrating another 
example of the means for forming recesses and 

so projections on the surface of a tension member, 
which embodies the present invention; 
Rg. 6B is an enlarged cross sectional view taken 
along the line VIB-VIB of Fig. 6A; 
Rg. 7 is a diagrammatic view illustrating still 

55 another example of the means for forming recesses 
and projections on the surface of a tension mem- 
ber, which embodies the present invention; 
Rg. 8 is a perspective view illustrating a tension 
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member of two layer type in which a fiber braided 
string is wound on a surface thereof according to 
the present invention; 

Fig. 9 is a perspective view illustrating another ten- 
sion member of two layer type in which a thermo- s 
plastic resin is exposed in a dot like configuration on 
a surface thereof according to the present inven- 
tion; 

Fig. 10 is a diagrammatic view illustrating the steps 
in a method of forming a tension member of two io 
layer type, which embodies the present invention; 
Fig. 1 1 is a constructive diagrammatic view sche- 
matically illustrating an exemplary' recess and pro- 
jection forming machine for proving recesses and 
projections on the surface of a tension member of is 
two layer type, which constitutes an embodiment of 
the present invention; 

Fig. 12 is constructive diagrammatic view schemat- 
ically illustrating another exemplary recess and pro- 
jection forming machine for providing recesses and 20 
projections on the surface of a tension member of 
two layer type, which embodies the present inven- 
tion in a different form; and 
Fig. 13 is diagrammatic view schematically illustrat- 
ing a state in which such machines as illustrated in 25 
Fig. 11 or 12 are arranged. 

BEST MODES FOR CARRYING OUT THE INVEN- 
TION 

30 

Hereinafter, suitable embodiments of the present 
invention with respect to a tension member for an opti- 
cal fiber cable and an optical fiber cable which incorpo- 
rates such a tension member therein as well as a 
method of making such a tension member will be set 35 
forth with reference to the accompanying drawings 
hereof. 

A specific explanation will now be given with 
respect to certain embodiments of the present invention 
with reference to the accompanying drawings hereof. It 40 
should be noted here that in these specific embodi- 
ments of the present invention, same reference numer- 
als as used in Fig. 1 are used to designate same 
constructive components which are essentially identical 
to those in an optical ffoer cable in the prior art. Also, in 45 
the constructive views of tension members as shown in 
Figs. 2 and 4, whilst a winding mark of a tape width that 
is formed by winding the tape thereon is shown as 
expanded as a tape of considerable depth in order to 
facilitate an understanding thereof, it should be noted so 
that the said winding mark actually has a width such as 
not to adversely influence the functional characteristics 
of an optical fiber cable constituted thereof. 

Fig, 2 diagrammatically shows the structure of a 
certain embodiment of the optical fiber cable according 55 
to the present invention. A tension member 10 passing 
through an axis of a primary coating 2 is formed on an 
external and peripheral surface thereof with a spiral 



groove 11 of which a bottom surface has a fine 
recessed and projecting pattern applied thereto. And, 
the said primary coating layer 2 is made integral with the 
said tension member 10, without an interposition of any 
bonding agent or adhesive therebetween, by exercising 
a direct molding thereof. Their joining in the axial direc- 
tion has been strengthened by a frictional force pos- 
sessed by the said spiral groove 1 1 having the tongued 
and grooved face on its groove bottom. 

The above mentioned tension member 10 is made 
up from a fiber reinforced plastic (hereinafter referred 
also to as "FRP") and the said spiral groove 1 1 formed 
on its external and peripheral surface represents a tap- 
ing mark that is produced when a tape as constructed of 
a woven fabric, an unwoven fabric or the like and having 
fine recesses and projections on its surface is wound 
onto a forming rod made ip from an unset fiber rein- 
forced plastic while the said tension member 10 is being 
formed. And, the said fine recessed and projecting pat- 
tern that is formed on the bottom surface of the said 
groove 11 which represents a taping mark as men- 
tioned above does represent a fibrous or woven fibrous 
mark from the above mentioned woven or unwoven fab- 
ric. And, the said taping mark, the said woven fibrous 
mark and so forth are formed by winding the tape on the 
above mentioned forming rod, passing the so wound 
rod through a die having a preselected shape so as to 
heat and thermally set the same while pressing its 
peripheral surface, and thereafter stripping the said 
tape from the then formed rod. 

Fig. 3 shows an example of the forming process for 
the above mentioned tension member 10. In a first step, 
a multiplicity of reinforcing fbers (e. g., glass fibers 
made by The Asahi Fiber Glass Co., Ltd at its T-30 rov- 
ing unit) 14 will be pulled in an alignment and withdrawn 
under a preselected tension from a roving rack 13 in 
accordance with a driving action of a rod take-up 
assembly 12. At this time, a tension which ranges from 
about 10 to 40 kg will be applied to the said reinforcing 
fibers 14 from a torque limiter (not shown). These rein- 
forcing fibers 14 may each be an electrically insulating 
non-alkaline glass fiber, or alternatively an inorganic or 
organic f ber such as a carbon fiber, aramid fiber or the 
like. 

The said reinforcing fibers 14 which has been 
pulled in an alignment and withdrawn will then be 
immersed in an unsaturated polyester resin (e. g., KPR 
manufactured by Kbmatsu Plastics Industry, Co., Ltd.) in 
a resin bath apparatus 15 and the resultant fibers will 
thereafter be squeezed at a squeezing member 16. The 
squeezed fibers will then be bound into a bundle of 
these fibers 17 which is impregnated with an unset 
matrix resin, the said bundle being then performed in 
the form of a rod. Subsequently, a tape 1 9 will be wound 
spirally on the said bundle of fibers 1 7 at a tape winding 
unit 18. The above mentioned matrix resin can, other 
than the above mentioned unsaturated polyester resin, 
be also a thermoset resin such as an epoxy resin or a 
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phenol resin, or alternatively a thermo plastic resin such 
as nylon or polyester. 

The winding of the tape 19 at the said tape winding 
unit 18 will be carried out by feeding the said tape 19 
with an angle with respect to the said bundles of fibers 
17. This feeding angle will then be set so as to be iden- 
tical to the angle of winding on the said bundle of fibers 
17. If these two angles differ from each other, there will 
develop a deviation in the pitch of winding, which will in 
turn give rise to a deformation of the tape 19 being 
wound. As a result it will follow that an abnormality in the 
property of a formed product may be brought about and 
that a continuous formability thereof may be deterio- 
rated. 

After the said bundle of fibers 17 on which the said 
tape 19 has been wound is heated and thermally set in 
a heating die arrangement 20, the said tape 19 spirally 
wound on the peripheral surface of said bundle of fibers 
17 will be stripped therefrom and taken up onto a tape 
take-up unit 21 . At the same time, the formed rod from 
which the said tape 19 is stripped will continuously be 
taken up at a given rate into a rod take-up unit 12. In this 
manner, it can be seen that an FRP made rod or a ten- 
sion member 10 will be obtained which represents a 
formed product as shown Fig. 4A and which has a spiral 
groove applied thereto that is provided on its bottom 
surface with a fine recessed and projecting pattern 
imparted thereto. 

The said recessed and projecting pattern that is 
formed on the bottom surface of the above identified 
groove 1 1 can be obtained in a manner such that when 
the tape 1 9 comprising a fibrous structural body such as 
a woven fabric or an unwoven fabric having fine 
recesses and projections constituted by a fibrous pat- 
tern that appears on its surface is wound on the above 
mentioned bundle of fibers which has been impreg- 
nated with a said thermoset resin, a force of pressing 
that is then applied to the said tape may cause the 
above identified fibrous pattern of the tape material to 
be transcribed onto the said groove bottom surface. 
Accordingly, depending upon the thickness and the tex- 
ture of a thread or a fabric that constitutes the tape 19, 
it can be seen that the ratio of areas and heights of the 
said fine recesses and projections will readily be adjust- 
able. In this connection, it should be noted that the 
above mentioned tape 1 9 can, other than a woven fabric 
or an unwoven fabric, also be such a film of a synthetic 
resin which is formed on at least one side surface 
thereof with fine recesses and projections as identified 
above. It is desirable that such a film be made up of 
Teflon or any other synthetic resin materia! which is not 
wettable with a matrix resin as previously mentioned. If 
so composed, it will be seen that the film can be used in 
a number of repetitions. 

Whilst in the above identified embodiment an exam- 
ple is shown in which a single spiral groove 1 1 is pro- 
vided, it should also be noted here that by constituting 
each of the said tape winding unit 18 and the said tape 



take-up unit 21 with a pair of such units of each individ- 
ual function which are opposed to each other so that a 
pair of tapes may respectively intersect thereat with a 
predetermined crossing angle, an alternative arrange- 

5 ment can be provided in which a pair of intersecting spi- 
ral grooves 1 1 may be formed on the peripheral surface 
of the said formed rod as shown in Fig. 4B. 

Also, whilst the said fine recesses and projections 
which are formed on the peripheral surface of the said 

io tension member 10 may be formed in the configuration 
of a spiral ring with a given spacing, it should also be 
noted that by winding a tape 19 with no spacing on a rod 
bang formed or by enclosing the whole peripheral sur- 
face of the rod in its longitudinal direction with a tape 19, 

is an alternative arrangement can be provided in which 
such fine recesses and projections may be formed and 
distributed randomly and yet uniformly on the whole 
peripheral surface on the said tension member 10 as 
shown in Fig. 4C. Moreover, the said rod which are 

20 formed over its whole peripheral surface with the said 
fine recesses and projections may thereafter be formed 
thereon with a spiral groove or grooves as mentioned 
previously. In sum, it is only essential that a recessed 
and projecting pattern be such that an adhesiveness 

25 between the said tension member 1 0 and the said coat- 
ing layer 2 may be ensured and no deviation may occur 
between them in their axial direction, permitting any 
recessed and project) ngpattern to be employed which 
would simply satisfy this end. 

30 The method of providing a fine recess and a fine 
projection on a whole peripheral surface of the said ten- 
sion member 10 by using a tape may, other than as set 
out in the above mentioned embodiment, also make use 
of any of those which will be set forth below. In an exam- 

35 pie as shown in Figs. 6A and 6B, a pair of tapes 1 9a and 
19b each of which is constituted by a fibrous material 
having a width sized to be one half of the circumferential 
length of a bundle of fibers 17 are used to wrap the said 
bundle of f bers 17 along its diametric directions from its 

40 both sides, thus each for one half of its peripheral sur- 
face, in which state the wrapped bundle of fibers will be 
heated and thermally set at a heated die unit 20. It fol- 
lows thereafter that the two tapes 19a and 19b will be 
stripped from the bundle of fibers to yield an exposed 

45 bundle of fibers 10 on which fine recesses and projec- 
tions are formed as a result of the transcription of the 
fibrous projections and recesses of the treated tape 
material. Also, if possible, an alternative arrangement 
may be provided in which the width of each of the above 

so mentioned tapes will be set to be identical to the circum- 
ferential length of the said bundle of fibers 1 7 and will be 
used to simultaneously wrap the the whole peripheral 
surface of the said bundle of fibers 17 therewith, in this 
case as well, after having been subjected to the heating 

55 and thermal setting step, the said treated tapes will be 
stripped. Accordingly, it will be seen that a winding and 
a take-up operation in the present invention are 
intended to signify such a wrapping and a stripping 
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operation, respectively. 

Also, in order to enable an above mentioned tape to 
be repetitively used in providing the said fine recesses 
and projections, an arrangement may be provided as 
shown in Fig. 7 in which the above mentioned pair of 
tapes 19a and 19b will be endlessly disposed up and 
down so as to pass along the path of travel of the bundle 
of f ibers 1 7 and in which each of the said tapes 1 9a and 
19b will be rotationally driven intermediate between the 
upstream and downstream sides of the heated die unit 
20 by using a drive means. In this case, it is sufficient 
that each of the above mentioned tapes in a pair 19a 
and 1 9b may each have fine projections and recesses in 
one such side surface only thereof as to contact with the 
said bundle of fibers 1 7, and it is also desirable that the 
said tapes 19a and 1 9b, in order to be capable of being 
used repetitively, should each be made up from a mate- 
rial that is not wettable with a said matrix resin. Further- 
more, if the stability of their configuration must be 
ensured, it should be noted that the above mentioned 
tapes 19a and 19b may each make use of a shape 
memory alloy as its composition and so forth. 

In practicing the present invention in a manner as in 
the above mentioned embodiments, note that a said 
tape 19, 19a, 19b, for the purpose of imparting fine 
recesses and projections to a peripheral surface of a 
said tension member 10 of a diameter of 3.5 mm there- 
with, had a thickness of 0.1 mm and a width of 13 mm. 
After having been stripped of the tape 19, 19a, 19b, the 
tension member 10 were formed thereon with fine 
recesses and projections having a pitch of 1 mm in its 
longitudinal direction and each having a width of 0.5 
mm, a length of 0.5 mm and a depth of 0.05 mm. It has 
been found that the latter depth represents a dimension 
that is smaller that the entire thickness of an adhesive 
layer in the prior art in which the adhesive has been 
used. With such fine recesses and projections owing to 
taping marks and a fabric texture or fibers themselves 
arising from the use of such a tape thickness, it has 
been found that a formed rod can be used as the said 
tension member without occurrence of a forming defor- 
mation such as a surface sink that was otherwise very 
likely to be produced on a said coating layer in the stage 
of forming thereof, without deteriorating the characteris- 
tics of optical fibers after they are composed into a 
cable, and without producing a deviation in its axial 
direction, and yet with the advantage that an enhanced 
strength between the said tension member 10 and the 
said coating layer is assured. In addition, there will also 
result the advantage that an optical ffcer cable if so 
composed can be made compact. 

Means for forming such a fine recess and projection 
on the above mentioned tension member 10, other than 
the above mentioned means that are designed to wind 
and strip the above mentioned tape or tapes, can also 
include a number of means as will be set forth below. 



[Adhesive Layer Type] 

This is a means in which a fibrous string such as a 
sliver made up from a group of short fibers or a roving 

5 made up of multiple filaments, which is composed of a 
thermo plastic resin, is wound on the surface of a said 
bundle of fibers 17 which is impregnated with an unset 
thermally settable matrix resin prior to the thermal set- 
ting thereof in the above mentioned heated die arrange- 

10 ment 20 whereafter the bundle of fibers so wound on is 
extrusion heated at the said heated die arrangement 20. 
The heating temperature of the said heated die arrange- 
ment 20 will then be controlled to such a temperature 
that the said thermoset matrix resin impregnated into 

75 the said bundle of fibers 1 7 may be set but that the said 
thermoplastic fibers or filaments wound on the said bun- 
dle of ffoers 17 may not be melted. This means will 
cause a portion of the thermo plastic resin constituted 
by a planar group of fibers 22 to be partially exposed 

20 and formed on the peripheral surface of the said tension 
member 10 integrally therewith as shown in Fig. 8. 

The said tension member 10 so formed will then be 
heated to a temperature at which the finely recessed 
and projecting portions made by the above mentioned 

25 thermo plastic resin (i. e. the group of fibers 22) 
exposed thereon may brought into a molten state and 
will thereafter be coated with the above mentioned coat- 
ing layer 2 that constitutes a supporting member which 
is adapted to support an optical fiber or fibers. Owing to 

30 such a construction, the said tension member 10 and 
the said coating layer 2 will firmly be joined together via 
the said thermally set resin. In this case, to make up the 
above mentioned group of fibers a material is selected 
which is well soluble (i. e. fusible) with the above men- 

35 tioned coating layer 2 of an optical fiber f ilm. 

In lieu of winding the said group of fibers 22 which 
is made up of the above mentioned fibrous thermo plas- 
tic string on the said bundle of fibers 17 that is impreg- 
nated with the said matrix resin, it will be possible to 

40 attach, by way of spraying or the like, a mass of powdery 
pellets each being composed of a thermoplastic resin 
that is well soluble (i. e. fusible) with the above men- 
tioned coating layer 2 and having a size of particles that 
is sufficient to form fine recesses and projections on the 

45 peripheral surface of the said tension member 10 which 
has been formed, to the peripheral surface of the said 
bundle of fibers 17. Further, it should be noted that the 
above mentioned bundle of fibers 17 that is impreg- 
nated with a said matrix resin and on which an unwoven 

so fabric or a glass fiber mat is wounded may be heated 
and thermally formed. The said unset bundle of fibers 
17 at this stage will have been impregnated with a less 
amount of the said matrix resin. As a consequence, in a 
case where this bundle of fibers 17 on which an above 

55 mentioned unwoven fabric or the like is wounded is 
heated and thermally formed, it will be seen that this 
unwoven fabric or the like will be adhered onto the 
peripheral surface of the said bundle of fibers 17 as the 
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said matrix resin is being set, but this matrix resin will 
not ooze out up to the surface of the said unwoven fabric 
or the like. It follows, therefore, that the peripheral sur- 
face of the said tension member 10 that has been 
heated and thermally formed will be covered with an 
above mentioned unwoven fabric or glass fiber mat and 
will have fine recesses and projections formed by the 
above mentioned unwoven fabric or the like, by virtue of 
which recesses and projections the said tension mem- 
ber 10 and the above mentioned coating layer 2 for an 
optical fiber cable will be firmly joined. 

In connection with the above, it should be noted that 
the means for partially exposing the thermoplastic resin 
on the peripheral surface of the said tension member 1 0 
may incorporate a powder that is made up from the said 
thermoplastic resin into the said matrix resin within the 
resin bath container 15 previously mentioned. 

In this case, it should be noted that the said bundle 
of fibers 17 which has been impregnated with the said 
matrix resin will, as it is, be heated and thermally formed 
at the said heated die arrangement 20 and, in this 
instance, too, the heating and forming temperature will 
be set to a temperature such that the said thermoplastic 
resin may not be melted. The said tension member 10 
that has be formed in this manner will have the said 
thermoplastic resin exposed in a dotted configuration 23 
as shown in Fig. 9 and the thermoplastic resin dots 23 
will, when the above mentioned coating layer 2 is 
famed, be melted so as to function as a bonding agent 
or an adhesive in a recessed and projecting pattern 
between the said tension member 10 and the said coat- 
ing layer 2. 

[Two Layer Type] 

[a] Using a Foamable Resin 

This is a means whereby when a bundle of fibers 1 7 
that has been impregnated with a thermoset matrix 
resin is heated and thermally set and thereafter is 
coated with a thermoset resin in an extruding type resin 
coating machine, a foamable resin will be incorporated 
into this coating resin, and the resultant resin will be 
formed on its surface with fine recesses and projections 
as a result of foaming the said foamable resin while the 
said coating resin is being set. Fig. 10 shows an exam- 
ple of such a forming process in which a tension mem- 
ber 10 that has been heated and thermally formed will 
be coated on its peripheral surface with the said thermo- 
set resin which has incorporated the said foamable 
resin therein at a resin coating arrangement 31 and will 
thereafter be thermally set again at a posterior thermally 
setting die unit 32. In this instance, the above mentioned 
coating thermoset resin had a composition having 100 
parts of Ripoxy R804 (a trade mark and manufactured 
by Showa Highpolymer Co., Ltd.) as its main material 
and 2 parts of a setting agent, TBPO, to which was 
added 10 parts of a foamable agent, Vinyhor (a trade 



mark and manufactured by Eiwa Chemical Industries, 
Co., Ltd). It was then found that the said tension mem- 
ber 10 which came out from the said posterior thermally 
setting die unit 32 was formed on its peripheral surface 
5 with fine recesses and projections, each having a diam- 
eter around approximately 0.01 to 0.2 mm, in a random 
and yet uniform distribution. 

[b] Using a Mechanical Machining Means 

10 

This is a means in which a bundle of fibers 17 that 
has been impregnated with a thermoset matrix resin is 
heated and thermally set whereafter a resin that has 
been thermally set in an extrusion type resin coating 

75 machine 32 is coated on the peripheral surface of the 
said bundle of fibers 17 whereafter the said surface so 
coated was formed with recesses and projections by 
mechanical means. The resultant coating layer which 
does not contributes to the strength of a final formed 

20 cable body should properly has a thickness approxi- 
mately ranging from 0.2 to 0.5 mm. The said mechani- 
cal means may be any mechanical means that is 
capable of cutting the surface of the said coating layer 
and may, for example, be a lathe, a knurling machine, a 

25 water jet machine, a laser machine or the like. Also a 
shot-peening machine may be used to provide fine 
recesses and projections by spraying abrasive particles. 

In addition , it should be noted that an above men- 
tioned coating layer may also be formed on its periph- 

30 eral surface with fine recesses and projections by 
means of a piezoelectric actuator. A certain method of 
forming the fine recesses and projections by using the 
piezoelectric actuator will be set forth below. Rrst of all, 
H may be seen that the construction of a recess and pro- 

35 jectron forming machine A that can be used in the said 
method is diagrammatically shown in Fig. 11. The 
recess and projection forming machine A as shown 
makes use of a lever type displacement expanding 
mechanism and is constructed to include a machine 

40 body 24, a lever member 25 that is coupled to the said 
machine body 24 so that it can be rotated about a ful- 
crum 24a to a minute extent, a lamination type piezoe- 
lectric actuator 26 that is interposed between one side 
of the said lever member 25 and a portion of the said 

45 machine body 24 and that when electrically energized is 
designed to impart a force of rotation to the said lever 
member 25 and a needle 27 that is provided to project 
from the other side of the said lever member 25 towards 
the direction of the above mentioned rotation. 

so It will thus be seen that the above mentioned lever 
member 25 serves as the said displacement expanding 
mechanism. Thus, assuming that the distance from the 
said fulcrum 24a to the point of application of the said 
piezoelectric actuator 24 is a and the distance from the 

55 said fulcrum 14a to the said needle 27 is b, there may 
apply a relationship, for example, a : b = 1 : 25, meaning 
that if, for example, the said piezoelectric actuator 26 is 
displaced by 10 ^m, the said needle 27 will be displaced 
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by about 0.25 mm. Here it should be noted that the said 
needle 27 is designed to have its tip with a diameter of 
0.2 mm. 

On the other hand, there is shown in Fig. 12 a 
recess and projection forming machine of flight actuator s 
type B having a construction in which a said lamination 
type actuator 26 stands in an abutting engagement via 
an armature29 with the base of a said needle 27 that is 
attached to the tip end portion of a spring 28 which is 
securely fixed at its one end to a said machine body 24. 10 
In the machine of this construction as well, the needle 
27 is designed to be displaced by around 0.25 mm 
when the piezoelectric actuator 26 is electrically ener- 
gized. 

As shown in Fig. 1 3, a plurality of such recess and is 
projectiong forming machines A or B as mentioned 
above may be so arranged on the peripheral surface of 
a tubular body 30, through which a said formed two 
layer type tension member 1 0 is passed with no spacing 
therewith, that they (A or B) in a row may be supported 20 
along a spiral path thereon and that their respective 
needles 27 may be facing corresponding holes which 
are formed in the said tubular body 30 in such a manner 
that each of their tips may substantially coincide with the 
inner peripheral surface of the said tubular body 30. If 25 
the recesses and projections which are spaced apart 
with one another at a distance of 0.2 mm and have a 
depth of 0.2 mm should be formed on the said tension 
member 10 having a diameter of 3.5 mm, it will be seen 
that such plural recess and projection forming machines 30 
A or B needs to be arranged at a mutual spacing of 0.2 
mm on the outer peripheral surface of the said tubular 
body 30 around the peripheral surface of the said ten- 
sion member 1 0 but it would be difficult to arrange them 
at such a narrow mutual spacing since the said machine 35 
body 24 of each of the said plural recess and projection 
forming machines A or fi is much larger than each of the 
said needles 27. Since, however, the said recess and 
projection forming machines A or B are here arranged 
along a spirally annular path on the said tubular body 30 40 
as mentioned above, it will be seen that they may be dis- 
posed thereon at a given narrow mutual spacing. Also, 
whilst in order for the recesses and the projections to be 
formed well, an impact that is produced by a said recess 
and projectionforming machine on a given side on the 45 
said tubular body 30 will have to be caught on the oppo- 
site side thereon, this will give rise to no problem since 
the said machines are disposed at such a given narrow 
mutual spacing as mentioned above. 

Now, a certain specific example of the recessed so 
and projecting formation by using a plurality of recess 
and projection forming machines A or fi with a construc- 
tion as mentioned above will be set forth below. 

A tension member 10 having a diameter of 3.5 mm 
was formed at a rate of forming of 4 m/min whereafter 55 
the formed member was passed through a tubular body 
30. Then, each piezoelectric actuator 26 was driven at a 
rate of 167 strokes per a second. As a result, the said 



tension member 10 that had passed through the said 
tubular body 30 was formed with fine marks, each hav- 
ing a depth of 0.2 mm and a spacing of 0.2 mm, in an 
orderly manner 

At this point it should be noted that whilst each of 
the embodiments mentioned above has exemplarily 
been shown as having a said tension member 10 that is 
disposed at a central portion of a said primary coating 
layer 2, a said tension member 10 may alternatively be 
disposed at a peripheral region of an optical fiber cable 
and then attached to the optical fiber cable with a tape 
or the like. Thus, it should be understood that a tension 
member according to the present invention can gener- 
ally be used as a high tensile strength body to reinforce 
an optical fiber or fibers. 

As will be apparent from the foregoing explanation, 
it will be seen that according to the present invention, a 
tension member for an optical fiber cable can be firmly 
joined with a coating layer for supporting an optical fiber 
without using a bonding agent or adhesive and with fine 
recesses and projections which are formed on the 
peripheral surface of the said tension member 
adversely affecting the said coating layer in a stage of its 
forming. As a result, not only will a high precision func- 
tional characteristic of an optical fiber cable that has 
been manufactured be ensured here, but also there will 
ensue a large reduction of its manufacturing cost since 
the separate step of applying a bonding agent or adhe- 
sive as has been essential heretofore in the process of 
joining such a coating layer and such a tension member 
together can be dispensed with. 

And, it will also be seen that according to the 
present invention, since the fine recesses and projec- 
tions which are formed on a tension member for an opti- 
cal fiber cable can be constructed with a winding mark 
of a belt, with air bubbles which are produced in its form- 
ing stage, or alternatively with a fine material that is 
attached to the peripheral surface of the body of a ten- 
sion member integrally therewith, their formation should 
be highly efficient and be made without fail. 

Also, it will be noted that according to the present 
invention, the depth of the recessed and projecting face 
can readily be controlled by suitably selecting the con- 
figuration of a said belt. Also, if the said belt is made up 
from a material that can readily be stripped from a resin 
that makes up a said coating layer, the said belt will 
repetitively be used. Furthermore, by winding a belt on 
the whole peripheral surface of a said rod or alterna- 
tively covering a said rod along its axial direction with a 
said belt so as to partially or entirely wind the latter on 
the former, it will also be seen that the total area which 
the fine recesses and projections may occupy can read- 
ily be adjusted. 

Also, according to a feature of the present inven- 
tion, since a said tension member in its forming stage is 
eaten on its peripheral surface with a material that is 
soluble with or adhesive to a said coating layer so as to 
be made integral therewith or alternatively is joined 
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therewith by winding, it will be seen that the said tension 
member if used enables the step of spraying a bonding 
agent or adhesive that has been essential in the prior 
art for joining such a tension member and such a coat- 
ing layer together in the process of manufacturing an 
optical fiber cable to be dispensed with and can well and 
yet firmly be joined with the said coating layer for sup- 
porting an optical fiber, integrally therewith. 

Furthermore, according to a method of making a 
tension member according to the present invention, it 
will be seen that since the function that enables the ten- 
sion member to be well and yet firmly joined with a coat- 
ing layer for supporting an optical fiber can be applied 
continuously in the essential process of manufacturing 
such a tension member, a tension member provided 
with a highly adhesive property for such a coating mem- 
ber adapted to support the optical fiber can be manufac- 
tured without particularly complicating the 
manufacturing process. 

While the present invention has hereinbefore been 
described with respect to certain illustrative embodi- 
ments thereof, it will readily be appreciated by a person 
skilled in the art to be obvious that many alterations 
thereof, omissions therefrom and additions thereto can 
be made without departing from the essence and the 
scope of the present invention. Accordingly, it should be 
understood that the present invention is not limited to 
the specific embodiments thereof set out above, but 
includes all possible embodiments thereof that can be 
made within the scope with respect to the features spe- 
cifically set forth in the appended claims and encom- 
passes all equivalents thereof. 

Claims 

1 . A tension member for an optical fiber cable in which 
said tension member comprises a rod that is mainly 
composed of a fiber reinforced plastic and is coated 
and joined with a coating layer which is adapted to 
support an optical fiber, 

characterized in that: 

a fine recess and a fine projection are formed 
and distributed over a peripheral surface of 
said tension merrtoer. 

2. A tension member for an optical fiber cable as set 
forth in claim 1, characterized in that said fine 
recess and projection are formed on a bottom sur- 
face of a spiral groove that is formed in said periph- 
eral surface. 

3. A tension member for an optical fiber cable as set 
forth in claim 1, characterized in that said fine 
recess and projection are formed over a totality of 
said peripheral surface. 

4. A tension member for an optical fiber cable as set 



forth in any one of claims 1 to 3, characterized in 
that said fine recess and projection comprise a 
winding mark that appears as a result of winding a 
belt whose surface has a fine projection and a fine 
5 recess onto said rod in a stage in which it is being 
formed and thereafter taking up said belt from said 
rod. 

5. A tension merrtoer for an optical fiber cable as set 
10 forth in claim 4, characterized in that said belt is 

composed of a fibrous structure such as a woven 
fabric or an unwoven fabric, or a synthetic resin film. 

6. A tension member for an optical fiber cable in which 
15 said tension member comprises a rod that is mainly 

composed of a fiber reinforced plastic and is coated 
and joined with a coating layer which is adapted to 
support an optical fiber, 
characterized in that: 

20 

said rod while in a stage of forming thereof is 
formed on a peripheral surface thereof distribu- 
tively with a fine material that is soluble with 
said coating layer which is adapted to support 
25 said optical fiber. 

7. A tension member for an optical fiber cable as set 
forth in claim 6, characterized in that said fine mate- 
rial comprises a material that constitutes a fibrous 

30 structural body which is composed of a thermoplas- 
tic resin. 

8. A tension member for an optical fiber cable as set 
forth in claim 7, characterized in that said fibrous 

35 structural body comprises a belt like member that is 
made up from a fiber. 

9. A tension member for an optical fiber cable as set 
forth in claim 6, characterized in that said fine mate- 

40 rial comprises a powdery pellet that is made up of 
thermoplastic resinous particles. 

10. A tension member for an optical fiber cable as set 
forth in claim 1, characterized in that said fine 

45 recess and projection comprise those which are 
formed by foaming a foamable resin that is added to 
a synthetic resin constituting said coating layer 
which is applied onto said periphery surface of said 
rod while in a stage of forming thereof. 

50 

11. A tension member for an optical fiber cable as set 
forth in claim 1, characterized in that said fine 
recess and projection comprise those which are 
formed by a mechanical means. 

55 

12. A tension member for an optical fiber cable as set 
forth in claim 1, characterized in that said fine 
recess and projection comprise those of a surface 
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of a fibrous structural body that is wound on said 
rod before it is formed by heating and that is 
exposed to the surface of said rod since while it is 
formed. 

5 

13. An optical fiber cable comprising a core material 
which constitutes a tension member for said optical 
fiber cable and which is constituted of a rod that is 
mainly made up from a fiber reinforced plastic, that 

is formed on a peripheral surface thereof with a fine 10 
recess and a fine projection and that is coated and 
joined with a coating material which is made up 
from a synthetic resin and which is adapted to sup- 
port an optical fiber. 

15 

14. A method of making a tension member for an opti- 
cal fiber cable in which said tension member is con- 
stituted of a rod that is mainly made up from a fiber 
reinforced plastic and that is coated and joined with 

a coating layer which is adapted to support an opti- 20 
cal fiber, said method comprising the steps of: 

impregnating a bundle of fibers continuously 
introduced with a thermoset resin; 
winding a belt having fine recesses and projec- 25 
tions randomly and uniformly distributed ther- 
eon on a peripheral surface of said bundle of 
fibers that has been impregnated with said 
thermoset resin; 

heating and thermally setting said bundle of fib- 30 
ers on which said belt has been wounded; and 
stripping said belt from said peripheral surface 
of said bundle of fibers that has been thermally 
set, and 

in which: 35 
fine recesses and projections are caused to 
develop and distribute randomly and yet uni- 
formly on an outer surface of said rod by contin- 
uously repeating the above mentioned steps. 

40 

15. A method of making a tension member for an opti- 
cal fiber cable in which said tension member is con- 
stituted of a rod that is mainly made up from a fiber 
reinforced plastic and that is coated and joined with 

a coating layer which is adapted to support an opti- 45 
cal fiber, said method comprising the steps of: 

impregnating a bundle of fibers continuously 
introduced with a thermoset resin; 
randomly and uniformly distributing on and so 
attaching to a whole peripheral surface of said 
bundle of fibers that has been impregnated 
with said thermoset resin, a fine material that is 
soluble with said coating layer which is adapted 
to support said optical fiber; and 55 
heating and thermally setting said thermally 
settable resin that has been impregnated into 
said bundle of fibers over said whole peripheral 



surface thereof to which said fine material has 
been attached, and 
in which: 

said fine material is caused to develop and dis- 
tribute randomly and yet uniformly on said 
whole peripheral surface of said rod by contin- 
uously repeating the above mentioned steps. 

1 6. A method of making a tension member for an opti- 
cal fiber cable, as set forth in claim 15, character- 
ized in that said fine material comprises a fibrous 
structural body that is constituted by an unwoven 
fabric, a woven fabric or the like and that is attached 
to said whole peripheral surface of said bundle of 
fibers. 

17. A method of making a tension member for an opti- 
cal fiber cable, as set forth in claim 16, character- 
ized in that said fibrous structural body comprises a 
belt and said belt is wound on a said peripheral sur- 
face of said bundle of ffoers. 

18. A method of making a tension member for an opti- 
cal fiber cable, as set forth in claim 15, character- 
ized in that said fine material comprises a powdery 
pellet having a size of particles that is sufficient to 
develop said fine recesses and projections over 
said peripheral surface of said rod, and that said 
fine material is attached to said while peripheral 
surface of said bundle which has been impregnated 
with said thermoset resin. 

19. A method of making a tension member for an opti- 
cal fiber cable in which said tension member is con- 
stituted of a rod that is mainly made up from a fiber 
reinforced plastic and that is coated and joined with 
a coating layer which is adapted to support an opti- 
cal fiber, said method comprising the steps of: 

impregnating a bundle of fibers continuously 
introduced with a thermoset resin; 
attaching a fibrous structural body onto a 
peripheral surface of said bundle of fibers that 
has been impregnated with said thermoset 
resin; and 

heating and thermally setting said bundle of fib- 
ers to which said fibrous structural body has 
been attached, and 
in which: 

fine recesses and projections are caused to 
develop and distribute randomly and yet uni- 
formly on said whole peripheral surface of said 
rod by continuously repeating the above men- 
tioned steps. 

20. A method of making a tension member for an opti- 
cal fiber cable, as set forth in claim 19, character- 
ized in that said fine recesses and projections 
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comprise those of a surface of a fibrous structural 
body that is wound on said rod before it is formed by 
heating and that is exposed to the surface of said 
rod since while it is formed. 

5 

21. A method of making a tension member for an opti- 
cal fber cable, as set forth in claim 19, character- 
ized in that said fibrous structural body comprises a 
belt which is wound onto said peripheral surface of 
said bundle of fibers which has been impregnated io 
with said thermoset resin. 

22. A method of making a tension member for an opti- 
cal fiber cable in which said tension member is con- 
stituted of a rod that is mainly made up from a fiber is 
reinforced plastic and that is coated and joined with 

a coating layer which is adapted to support an opti- 
cal fiber, said method comprising the steps of: 

impregnating a bundle of fibers continuously 20 
introduced with a thermoset resin; 
heating and thermally setting said thermally 
settable resin which has been impregnated into 
said bundle of fibers; 

coating a peripheral surface of said bundle of 25 
fibers which has been heated thermally set 
with a foamable resin; 

foaming said coated foamable resin by heating 
it, and 

in which: 30 
fine recesses and projections are caused to 
develop and distribute randomly and yet uni- 
formly on said whole peripheral surface of said 
rod by foaming said foamable resin. 

35 

23. A method of making a tension member for an opti- 
cal fiber cable in which said tension member is con- 
stituted of a rod that is mainly made up from a fiber 
reinforced plastic and that is coated and joined with 

a coating layer which is adapted to support an opti- 40 
cal fiber, said method comprising the steps of: 

impregnating a bundle of fibers continuously 
introduced with a thermoset resin; 
heating and thermally setting said thermally 45 
settable resin which has been impregnated into 
said bundle of fibers; 

coating a peripheral surface of said bundle of 
fibers which has been thermally set further with 
a thermally settable resin; so 
heating and thermally setting said coated ther- 
mally settable resin which constitutes said 
coating layer; and 

forming said thermally set resin with a fine 
recess and a fine projection by a mechanical 55 
means, and 
in which: 

fine recesses and projections are caused to 



develop and distribute randomly and yet uni- 
formly on said whole peripheral surface of said 
rod by using said mechanical means. 
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